The pulsation period Π and the rate of period changeΠ are the most reliable indicators of structural changes in the evolving star so that for more strict comparison of the stellar evolution theory with observations one has to employ the methods of the stellar pulsation theory. For stars undergoing the final helium flash such works have not been done yet. The present study is based on consistent stellar evolution and stellar pulsation calculations. In the framework of this approach the selected models of evolutionary sequences are used as initial conditions for solution of the equations of radiative hydrodynamics and time dependent convection describing radial stellar oscillations. Dependencies of the pulsation period as a function of stellar evolution time Convection was treated in the framework of the standard mixing length theory (Böhm-Vitense 1958) with mixing length to pressure scale height ratio α MLT = ℓ/H P = 1.8. Additional mixing beyond the boundaries of convection zones due to overshooting was calculated following the method proposed by Herwig (2000) :
where D 0 is the convection diffusion coefficient (Langer et al. 1985) in the layer located in the convection zone on the distance of 0.004H P from the Schwarzschild boundary, z is the radial distance from the boundary of the convection zone, f is the overshooting parameter.
To evaluate the role of overshooting in appearance of the final helium flash we computed two evolutionary sequences with different values of f for each initial mass M 0 . In the first case the evolutionary calculations were done with the commonly used value f = 0.016 (Herwig, 2000) , whereas the second evolutionary sequence was computed in assumption of more efficient overshooting (f = 0.018).
The mass loss rateṀ during the stage preceding AGB was computed by the Reimers (1975) formulaṀ
whereas on the AGB stage we employed the formula by Blöcker (1995) :
All evolutionary sequences were computed with mass loss parameters η R = 0.5 and η B = 0.05.
Sufficiently reliable formulae for mass loss from post-AGB stars do not exist so that to evaluatė In the present study the stellar evolution calculations were done for stars with initial masses for f = 0.018 this time interval increases to 4640 yr. Nevertheless, the final helium flash is also LTP. Moreover, notwithstanding the substantial initial difference in location of the tracks in the HR diagram the stellar evolution after the maximum of L He proceeds nearly in the same time scale and for t ev ≥ 500 yr both tracks almost coincide. Summarising the role of overshooting one has to note that for f = 0.016 the final helium flash occurs at initial masses 1.30M ⊙ ≤ M ≤ 1.32M ⊙ , whereas for f = 0.018 the corresponding initial mass interval becomes
The period of radial pulsations and the stellar radius relate as Π ∝ R 3/2 , therefore the time variation of the radius R near the reddest point of the loop in the evolutionary track allows us to evaluate the role of the initial mass M 0 as well as parameters f and η * B in the rate of period change Π(t ev ) without time consuming hydrodynamic computations. Fig. 4(a) shows the time variations R(t ev ) computed for η * B = 0.05 in several assumptions on the initial mass M 0 and the overshooting parameter f . For the sake of convenience the time t ev is set to zero when the decreasing effective temperature reaches T eff = 10 4 K. As is seen, increase of the initial mass Table 1 . Three first columns list the initial mass M 0 , the overshooting parameter f and the mass loss parameter η * B . In the fourth column we give the time t ev measured from T eff = 10 4 K. The following columns contain the mass M, the radius R, the luminosity L and the effective temperature T eff .
results of stellar pulsation calculations
In the present study we carried out hydrodynamic computations of stellar pulsations for stars on the LTP stage with effective temperatures T eff < 10 4 K. For initial conditions we used selected models of two evolutionary sequences M 0 = 1.3M ⊙ , η * B = 0.05 computed with overshooting parameters f = 0.016 and f = 0.018. The equations of radiation hydrodynamics and time-dependent convection for radial stellar oscillations are discussed in our earlier papers (Fadeyev, 2013; 2015) . −3 R and T = 10 6 K, respectively. Fig. 5 shows the plot of the adiabatic exponent Γ 1 = (∂ ln P/∂ ln ρ) S as a function of the mass coordinate q = 1 − M r /M, where M r is the mass of stellar matter inside the radius r. The strong instability against radial oscillations is due to substantial extension of the hydrogen and helium ionization zones where the adiabatic exponent decreases below its critical value: Γ 1 < 4/3. Oscillations attain the large amplitude (δr/r ∼ 1) because of strong pulsational instability so that nonlinearity is the principal cause that pulsations are not strictly periodic.
As in our preceding work on pulsating post-AGB stars (Fadeyev 2019 respectively. However, as is seen in Fig. 6 , the change of the pulsation period near its maximum within 10% proceeds on the tile scale of ∼ 100 yr. Therefore, only reliable observational evidences in favour of FG Sge period decrease in the near future could confirm our theoretical estimates of the mass and the radius.
The mean period change rate evaluated in the present study Π = 0.96 day/yr is more than three times smaller than that of FG Sge: Π = 3.32 day/yr. Taking into account the growth of post-AGB evolution rate with increasing stellar mass (Miller Bertolami, 2016; Fadeyev, 2019) one can suppose that better agreement between the theory and observations could be obtained with somewhat higher mass of the post-AGB star undergoing the final helium flash. A possible solution of this problem could be found on the base of more extensive grid of evolutionary tracks computed with various assumptions on the mass loss rates during the stage of red giant before AGB as well as during the AGB stage.
references Table 1 . Parameters of evolutionary models on the LTP evolutionary stage at the maximum stellar radius. 
